The effective Lagrangian including one loop corrections is deduced for the couplings of the charged Higgs with quarks and leptons, and with charginos and neutralinos. The effect of the one loop corrections is found to be quite significant in a number of sectors. The effective Lagrangian is then used to analyze the decay of the charged Higgs into a number of decay channels. Specifically we consider the decay of H + (H − ) into the decay modes tb (tb),τ ντ (τντ ), and χ
Introduction
Charged Higgs couplings and decays provide an important avenue for the exploration of new physics 1 . Recently considerable attention has focussed on one loop corrected effective Lagrangians that enter in the decays H + → tb (H − →tb) and H + →τ ν τ (H − → τν τ ) 2, 3, 4, 5, 6 . However, in the preceeding works specifically in the works of Refs. 3, 4, 5, 6 , the Higgs couplings with chargino and neutralinos were, not taken into account. In this paper we focus on the one loop corrected effective Lagrangian including the charged Higgs-chargino-neutralino couplings. The analysis takes into account also the CP phases. The issue of phases is important because of two reasons. First, in MSSM there are a huge number of CP phases that arise in the soft breaking sector of the theory. In mSUGRA 7 the number of phases is reduced to just two phases, i.e., the phase of the Higgs mixing parameter θ µ and the phase of the trilinear couplings. Thus mSUGRA is parametrized by the universal scalar mass m 0 , the universal gaugino mass m 1 2 , the universal trilinear coupling A 0 , the ratio of the Higgs vacuum expectation values (VEV's), i.e, tan β =< H 2 > / < H 1 > where H 2 gives mass to the up quark and H 1 gives VEV to the down quark and the lepton. And including the phases we have two more parameters, θ µ and α A . For the non-universal SUGRA the number of parameters increases and so do the number of CP phases. The inclusion of phases of course draws attention to the severe experimental constraints that exist on the electric dipole moment (edm) of the electron 8 , of the neutron 9 and of 199 Hg atom 10 . However, as is now well known there are a variety of techniques available that allow one to suppress the large edms and bring them in conformity with the current experiment 11, 12, 13, 14 . Second the CP phases affect a variety of low energy Thus CP phases affect loop corrections to the Higgs mass 15 , dark matter 16, 17 and a number of other phenomena (for a review see Ref. 18 ). The outline of the rest of the paper is as follows: In Sec.2 we compute the loop correction to the H ± χ ∓ χ 0 couplings arising from supersymmtric particle exchanges and the effects of these corrections on the charged Higgs decay. In Sec. 4 we give an analysis of the sizes of radiative corrections. It is found that the loop correction can be as large as 25-30% in certain parts of the parameters space. Conclusions are given in Sec.5.
Loop Corrections to Charged Higgs Couplings
We begin with the tree level Lagrangian for 
and ξ ji and ξ ′ ji are given by
and
where X, U and V diagonalize the neutralino and chargino mass matrices so that
where 2, 3, 4) are the eigen values of the neutralino mass matrix
are the eigen values of the chargino mass matrix M χ + . The loop corrections produce shifts in the couplings of Eq. (1) and the effective Lagrangian with loop corrected couplings is given by
As is conventional we calculate the loop correction to the χ ± χ 0 H ∓ using the zero external momentum approximation. We note that the contribution 
k vertices do not contribute in the zero external momentum approximation since these vertices are proportional to the external momentum. Given the fact that we ultimately seek to apply the effective couplings to the decay of the charged Higgs into charginos and neutralinos, the mass of the charged Higgs must be relatively large. Consequently, it is permissible to disregard diagrams which have H ± running in the loops due to the large mass suppression. Here as an illustration we give the computation of the loop correction corresponding to Fig.(1) .
For the evluation of ∆ξ ij for Fig. (1) we needbtχ 0 ,ttχ 0 andbtH interactions. These are given by
where X ′ 's are given by
and where
Finally, η ij is defined by Figure 2 . Another set of diagrams exhibiting stop and sbottom exchange contributions to the H − χ + χ 0 vertex.
and η ′ ij is defined by
where D bij is the matrix that diagonalizes the b squark mass 2 matrix so thatb
whereb i are the b squark mass eigen states. In a similar fashion D tij diagonalizes the t squark mass 2 matrix so that
wheret i are the t squark mass eigen states. Using the above one finds for Fig. (1) the result
where the form factor f (m 2 , m
and for the case i = j it is given by
Charged Higgs Decays Including Loop Effects
Using the above analysis the effective Lagrangian for H ± χ ∓ χ 0 with loop corrections may be written as follows
where
The effective couplings contain dependence on CP phases and thus the branching ratios will be sensitive to the CP phases. Such dependence arises via the diagonalizing matrices U and V from the chargino sector and via the matrix X in the neutralino sector. The decay width of 2, 3, 4) is given by (23) Here the CP phase dependence will arise from the fact that the chargino and neutralino masses are sensitive to CP phases and also from the dependence of the effective couplings on the phases. 
Sizes of Loop Corrections
The theoretical analysis of effective Lagrangian obtained here including loop corrections is quite general. However, the parameter space of the general MSSM is quite large and thus we investigate the sizes of the effects in more constrained parameter space. This more constrained parameter space is provided by the extended SUGRA model. Thus we assume that the parameter space of the model to consist of m A (mass of the CP odd Higgs boson), tan β, complex trilinear coupling A 0 , SU (3), SU (2) and ,2,3) and θ µ , where θ µ is the phase of µ. In the analysis the soft parameters are evolved from the grand unification scale to the electroweak scale. Further, as is usually the case the µ parameter is determined by the constraint of electroweak symmetry breaking while the phase of µ, i.e,, θ µ remains an arbitrary parameter. It should be noted that while there are several phases in the analysis not all of them are independent 21 . The main modes of decay of the charged Higgs consist of final states which include top-bottom, chargino-neutralino ,and tau-neutrino . In Fig. 3 we give a plot of the branching ratios of H − totb, τ Fig. 3 shows that the loop corrections can be substantial and can reach as much as 20% or more. In Fig. 4 an analysis of the branching ratios for top-bottom, chargino-neutralino ,and tau-neutrino as a function of θ µ is given with and without loop corrections. The plots are given as a function of the µ phase. One finds that while the tree level analysis is independent of the phases the loop corrected branching ratios show a rather large dependence. The analysis illustrates both the importance of the loop corrections as well as dependence on the phases. Also of interest is the phenomenon of trileptonic signal arising from the decay of H ± . This arises when H ± decays into a χ Thus, e.g.,
. Such a signal is well known in the context of the decay of the W boson. For off shell decays it was discussed in Ref.
22 . (For a more recent analysis see Ref. 23 ). For the Higgs decay here, the signal can appear for on shell decays since the mass of the Higgs is expected to be large enough for such a decay to occur on shell. The analysis presented here shows that the effect of the loop corrections and of the CP phase θ µ on these signals can be substantial. The effect of other CP phases, e.g., ξ 3 , α A on the couplings and on the branching ratios can also be significant 20 . .
Conclusion
In this paper we have discussed the effective Lagrangian at the one loop level for the charged higgs-chargino-neutralino interactions. This analysis augments the previous such analyses for the H +t b and H + τν type couplings. The analysis presented here includes the dependence of the couplings on the supersymmetric CP phases. One of the interesting results of the analysis is the phenomenon that the supersymmetric loop corrections are generally quite substantial ,as much as 20-30% in significant regions of the parameter space of the theory. We also analysed in this paper the effects of the loop corrections on the decays of the charged Higgs. Specifically the analysis of the decay H − → χ
, which is the well known trileptonic signal, shows that the loop effects here are significant reaching as high as 20-30%. Finally it is found that the loop corrected couplings are quite sensitive to CP phases. The effective Lagrangian presented here should be of considerable interest in the analysis of charged Higgs decays and for the search for supersymmetry. Acknowledgments This research was also supported in part by NSF grant PHY-0139967.
